Due to the effect of impinging solar radiation, high thermal loads can be predicted in buildings in many climates of South-East Asia and thus components devised to protect and ventilate the façades have been known for centuries. Features such as the "jalis" or stone lattice work combined with deep overhangs and elements conceived to reflect excessive sunlight such as ritual ponds or even elaborate water tanks have adorned Indian-style palaces and temples since ancient times. These features have subsequently inspired modern architects like Le Corbusier, Antonin Raymond, Benjamin Polk and Geoffrey Bawa to cite just a few. Climatic control elements were well adapted to the craftsmanship of traditional architecture but their use as industrial products suitable for prefabrication is more controversial. Not only has the climate changed since the origin of Indian architecture, but also the use of glazing has increased in an alarming way and thus the need to protect openings is now even more demanding. In this paper, within the context of Indian civilization, the author will present the simulation of the radiative field generated by different types of solar protection and reflective surfaces, especially ponds and systems of louvres or brise-soleil. By virtue of this process it is intended to extrapolate the procedures used for ancient fabrics to their more modern counterparts found in internationally acclaimed buildings and to obtain useful design insights for future projects.
Introduction
The problem of dealing with excessive solar radiation in architecture is certainly not a new one. Likewise, it has to be recognized that this question was not related to the buildings of temperate climates but rather to the requirements of hot and humid tropical climates. Such climates were scarcely known to the Europeans, although they constitute one of the distinctive features of vast areas in Asia, considered by many the cradle of civilization, due in great part to its unique art and architecture.
In the ancient monuments of South-East Asia, India, China and Japan, elements such as canopies, awnings, jalousies and ponds to reflect the light were so much in use that they reached the status of religious symbols.
These creations were always connected to at least two of the most subtle and powerful events that occur in the natural world: wind and light.
Craftsmen of all epochs had striven to ensure that the design solutions implemented conveyed the light and wind as far as the materials and technology allowed, without rejecting or impeding the beneficial effects of nature.
Think, for instance of the delicately carved stone balusters at the window bays of Angkor Wat in Cambodia (Fig.1.) .
Some of these measure three meters high and weigh more than one hundred kilograms. The reader can imagine the tremendous effort needed to sculpt and put such columns in place. Upon close examination, it is impossible to believe that their makers were not deeply inspired by environmental affairs. Similar stances could be taken to comment on precious jalis appearing throughout the main Indian monuments from south to north (See Figs.2., 3. and 4.).
Contemporary architects recalled many of those buildings as a sound basis for their forthcoming works, but their visionary approach was often confined to design gestures or elaborate idioms of reduced efficacy. Because of this, some of the solutions proudly displayed during the modern period were doomed by time and dwellers and subsequently abandoned.
From a scientific point of view the author is now in a position to offer some powerful, simple tools that may help to bridge the gap between the design expectations and the real performance.
Techniques of Analysis
In order to find the amount of radiation emitted by different design elements taking into account their reflective properties, the theory of the radiative field founded by Yamauchi [1] and later expanded by P. H. Moon [2] has been developed and programmed for Matlab®. According to those authors, such an analysis would imply methods of geometric optics for determining the form factor equations that appear under different configurations of reflective surfaces and their associated obstacles. The author will show that these equations can be readily solved in most cases.
The Japanese Scientist Jiro Yamauchi proposed around 1930 a unified theory of the Illumination Field [3] . Yamauchi was instrumental in the development of artificial lighting in Japan but he seldom referred to radiation or day-lighting. However, his algorithms and tables, obtained without the aid of computers, can still be widely employed. For instance, he proposes several solutions for the complex expressions of F 12 (the form factor between two surfaces 1 and 2), whether parallel or perpendicular sharing a common edge, based on the knowledge of a certain function Φ. [4] (Fig.5.) So that, In the former expressions, a, b and c are the dimensions in metrical units of the given surfaces (Fig.6.) , and it is only necessary to find geometric quantities such as, α =arctan (b/a), β =arctan (b/c) or This and other algorithms are extremely powerful for their use in computer calculations and based on them the author has derived the simulation program DianaX © [4] . In the discussion that follows its applicability to well-known buildings extracted from Indian-style architecture of all epochs will be demonstrated.
Examples in Ancient Architecture

Cave Temples of Ajanta
The author has drawn an example in which the form factor approach can be used conveniently from the famous underground temples or Chaitya in India (4th century). In them, lighting is fundamentally produced by a single semi-circular clerestory, similar in shape to the opening of a tunnel.
Let us study cave number 26, oriented to the west [5] , in September, when the last effects of the monsoon leave an overcast sky with a high illuminance of around 10.000 lux.
Because the radius of the semi-circle is 2 metres and the distance to the inner stupa or sanctuary 14 metres, values of only 6.03 lux, are found on the horizontal plane. Therefore it is surmised that the internal reflections (not detailed here) are mandatory for acceptable vision and the rich veneering materials employed at the time should have augmented the available brightness. 
Surya Temple at Modhera
Another interesting example lies in the Surya Temple in Modhera, Gujarat (11th century). In this case, the pool called "baoli", also a water supply, is oriented to the east of the compound to benefit from the rays of sunrise, considered to be sacred in India [5] .
The light reflected from this "kund" or "baoli" plays an important role in the morning ceremonies that were once conducted there. This is proved by the fact that the steps are finely carved with statues and inlays of gods and other religious characters from the Hindu pantheon. Besides, due to the slanted profile of the tank, the sunrays find few obstacles in their way to the painted ceiling of the "mandapa" or main hall.
Cardinal orientation is a constant for this type of stepped-well structures and the curious effects of illumination, the shadows from the sun or even the moon, have been incessantly revered. Some of the wells decorated with solar disks made of bronze, even receive the name of "Lolarka" which means the "trembling sun".
Performance of Obstacles
As previously stated, many buildings did not possess openings or light sources as simple as the ones just analyzed. Bearing in mind the ideas of Yamauchi and Shukuya, the author has devised a procedure to treat systems of louvers and other reflective obstacles of arbitrary shape. This would entail creating an intermediate space composed of two slats, a layer of glass or "interior space" and limiting planes at the front and side ends of the imaginary "box" (not necessarily parallel or plane).
In the limit plane the user introduces as emissive power the values of diffuse radiation and the lower slat may also receive direct radiation depending on the time of the year. First the program calculates all data for a given location and then the involved form factors to obtain the radiative exchange, finally producing a result that can be applied to the opening plane. This is a new value that the program uses, as for a normal aperture, by reiterating the process. Thus, the system of blinds is conceived as a sieve or filter for radiation that can be analyzed separately or suppressed and the output is later superimposed on the façade element, apertures, etc.
Inter-reflections and nuances such as the effect of changing the colour or the material of the slats can also be taken into account by virtue of the following technique; reflected radiation E R in a given volume is a function of direct radiation E d as expressed in 3. [6] And F ij are the previously described form factors from surface i to surface j , and ρ i is a new term defined as the coefficient of diffuse or direct reflectivity from surface i.
A table with results for the louvres painted in white as defined in Fig.14. , is given below.
Notice that for a clear sky with sun the values on the glass are more than two times higher than those for the unobstructed window (Surface 1), which ensures a better performance.
As an example of skewed geometries, in the common situation of inclined or displaced blinds, different form factors and areas could be combined in order to treat them either as slanted or non-aligned parallel surfaces following Equation 6 .
Below follows an example of how the form factor varies with inclination for the same blinds of Fig.14 .
The fundamental problems of radiative exchange can be resolved in this way but in some cases it is still advisable to check for visibility through the blinds as this will also give an estimate of the "transmittance" of the system and the possibilities for ventilation. A typical expression to measure the visible portion of sky between blinds is equation 7. [4] Where β is the angle of inclination of the slats, z 1 and z 2 are the upper and lower heights of a chosen interval of blinds taken from the working plane and y is the horizontal distance to the point considered.
Another problem if the available space for light is too narrow is the spreading of light energy, namely diffraction. The author has experienced that the traditional jalis carved on stucco or stone materials (Fig.4.) is wide enough to prevent the sun from entering through the apertures, and thus reduce the problem. However, wooden frames and modern metallic imitations of negligible thickness cannot avoid diffraction in some cases and great caution should be taken when deciding the dimensions of these filtering elements.
Modern Architectural Examples 1. Aurobindo's Ashram in Pondicherry (Tamil Nadu)
The author would like to draw on the case of an outstanding Indian building that used louvres as its main design feature: the Sri Aurobindo Ashram (dormitory) constructed around 1937 by the CzechAmerican architect Antonin Raymond and designed in collaboration with the Japanese master Kunio Maekawa, a former disciple of Le Corbusier [7] , thus explaining why the word "persienne" (louvre in French) appears in one of the project plans.
The façade is entirely composed of large horizontal louvres that enhance cross ventilation and through their changes in texture soothe the modern material displayed in the two volumes of the complex. (Fig.17) . A construction drawing by Raymond (Fig.18.) explains succinctly that this façade is a "window arrangement for tropical countries." [8] Antonin Raymond, assisted by François Sammer and George Nakashima departed from the original plans and decided to cover the building with vaults of precast concrete to provide for a vented roof.
Stone from the local quarries and a touch of wood add a sense of warmth and intimacy that goes far beyond the rigid codes of industrial materials and raw concrete that prevailed in the latter modern buildings at Chandigarh and Ahmedabad (especially in those designed by Le Corbusier) (Fig.19.) .
The rooms for the disciples have been simulated with the formerly described technique. Such a system of louvers performs much better than conventional windows as can be seen in Fig.20 .
Attesting to the good results of the louvre-façade system is the quote of the American Architect Benjamin Polk who worked extensively in India and Nepal from 1952 to 1964 recognising that "the brisesoleil sun-protection system comes as an extension of the column and lintel from the nature of the structural concrete frame. It replaces the dust-collecting masonry open-work screens that have become an almost ever present "petticoat" laid over tropical buildings in the name of modern architecture." [9] 2. The Architectural Oeuvre of Geoffrey Bawa A second contemporary example comes from the partnership of Geoffrey Bawa and Ulrik Plesner. Throughout their career these architects of the Tropical Modernism showed an increasing concern for bioclimatic design. [10] The louvre-theme is a constant in their many projects, as are the cantilevered and deep-shaded facades, the ponds and courtyards (midula) with vegetation introduced to the core of the building and the traditional tiled roof. Although thus far no simulations have been applied, the author has measured the lighting performance of these buildings and presents them only as a suggestion regarding their potential.
Conclusion
Traditional Indian architecture has been modelled by the climes and the environment. Thus it has developed a unique sensibility towards lighting features and strategies. 
